Objective. To develop a comprehensive diabetes management course for pharmacy students that is available to all colleges and schools of pharmacy via the Internet. Design. DM Educate, a Web-based course consisting of 12 topic modules with video lectures, activelearning exercises, and test questions prepared by nationally recognized experts was developed. The modular design allows use as a standalone, 3-credit course or use of individual module content as a supplement to an existing course. Assessment. Two pilot studies found the comprehensive, interprofessional nature of the material beneficial for learners. Students showed a significant increase in knowledge of the subject material by correctly answering 26 of 34 questions on the posttest compared to answering only 14 of 34 questions correctly on the pretest (p , 0.001). Student feedback was positive for the flexibility of the Web-based format. Conclusion. Pilot studies demonstrated the effectiveness of the course, which became available in the 2006-2007 academic year.
INTRODUCTION
Emerging technologies and the accessibility of the Internet have opened up possibilities for providing pharmacy education through innovative strategies. Since the introduction of a commercial browser in 1993, various applications of Internet-based education in pharmacy have been implemented, including courses, course modules, learning resources, mentoring, recitation, combinations with lectures, technique tutorial, remote instruction, and continuing education. [1] [2] [3] [4] [5] [6] [7] [8] [9] [10] [11] [12] [13] In all of these examples of Internet education in pharmacy, the content was developed by faculty members at a particular institution and used only by students enrolled in that institution.
In order to fully prepare students for their future role as pharmacists, an in-depth understanding of the various aspects of disease states is needed beyond drug therapy. Diabetes is one such disease state. Information specific to diabetes treatment is often addressed within therapeutics courses with a narrow focus on drug therapy. This may be due to curricular time constraints or availability of faculty at an individual institution. In addition, coverage of diabetes-related material may vary between institutions for the same reasons. As a result, pharmacy students may not have access to resources to learn about detailed aspects of diabetes beyond drug therapy or be receiving consistency in course material covered.
The nature of the Internet allows for an innovative approach for creating a course that can be accessible to all colleges and schools of pharmacy in a Web-based format. Through the production of one sharable course, experts in various fields of practice can collaborate in creating courses that provide resources for faculty members to use in part or in their entirety to teach pharmacy courses. This strategy has the potential to efficiently provide a large number of students with high quality education using the most current information available.
A unique Web-based, comprehensive diabetes management course with content provided by nationally recognized experts in management and education of patients with diabetes was developed. This course addresses the need for comprehensive diabetes management education by bringing recognized experts of various areas of diabetes management to each classroom via the Internet. The course was offered to all colleges and schools of pharmacy at no charge, beginning in fall 2006.
DESIGN
Faculty members at the University of Pittsburgh School of Pharmacy led the development of the DM Educate Comprehensive Diabetes Course. Curriculum and technology development spanned 12 months from the beginning of the project to the first pilot test of the course, with an additional 6 months for completion of the pilot testing. The members of the curriculum design team outlined the content and outcomes that represented a comprehensive overview of diabetes management, and then determined that a 3 credit-hour course (45 hours of content delivery) would be appropriate to address all of the outcomes.
Description of the Course
Design Principles. The structural design of the course was influenced by several principles which the design team deemed should be foundational to the course. The first principle was a commitment to using a platform that would allow the course to be available to any college or school of pharmacy. In addition to curriculum materials for students, the design would include course management tools accessible only by instructors. Second, the course design team wanted to provide course material in a format that was adaptable to different learning styles and selected the type of technology and multimedia format accordingly. Last, but likely the most important factor, was the need to allow maximum flexibility for use of course content by instructors. These structural design principles were achieved by developing an Internet-based course incorporating video lecture, printable handouts, examination questions, and active-learning exercises in a modular format that could be utilized by an instructor as a standalone course or incorporated into existing courses. To achieve the desired flexibility, the curriculum design team developed the course as a collection of 12 topic modules, as shown in Appendix 1.
The design of the curricular content of the course was influenced by 2 primary factors. First, the course was to be comprehensive in nature, covering all aspects of diabetes management; and second, the course faculty were to be drawn from multiple disciplines and needed to be recognized experts in their respective fields of practice. Potential contributors from the fields of pharmacy, nursing, medicine, behavioral psychology, dietetics, and exercise physiology were then identified. The DM Educate contributors are listed in Appendix 1.
Each contributor was charged with developing the lectures, slide presentations, and active-learning exercises for his or her topic, as well as 30 test questions for each hour of course material. The curriculum design team reviewed all of the course material as it was developed and made editorial suggestions to the contributors. Final drafts of materials were reviewed and edited by a professional editor for style and grammar. When the lecture materials were finalized, each contributor came to the University to produce a video recording of his or her lecture. The final video tapes were edited, coordinated with slides, and converted to Flash files for incorporation on a web site.
The DM Educate web site (www.dmeducate.org) was developed while the contributors were developing their content and is the access point for the course. The web site is designed to include a public space with information about the course and private, password-protected space that may be accessed only by onsite instructors and students registered for the course. The secure space contains learning management tools, navigation tools to access the course, and the presentation ''theatre'' for the video lectures. The video lectures, active-learning exercises, and test questions were added to the web site as they were completed.
Content and Delivery. DM Educate presents a comprehensive approach to diabetes management and education, encompassing the entirety of diabetes patient care. The scope of the course goes beyond traditional pharmacy education by providing information on diabetes-specific topics, such as medical nutrition therapy, exercise physiology, psychosocial and behavioral aspects of the disease, patient education, and self-care. The first 2 modules focus on diabetes pathophysiology, metabolic syndrome, and ways to approach management of diabetes, including a historical review of past milestones in diabetes research. Modules 3-5 provide in-depth coverage of the treatment of diabetes utilizing pharmacotherapy (including oral and injectable agents, medication delivery devices, and complementary/alternative medicine), medical nutrition therapy, and exercise physiology. Modules 6-7 were dedicated to monitoring and desired outcomes for the treatment of diabetes and the management of diabetes-related complications. Modules 8-11 are directed to special treatment considerations including 2 modules for treatment in special populations, including children, adolescents, pregnant women, and the elderly, and 2 modules discussing the impact of different behaviors on diabetes management and educational approaches to overcoming potential barriers. A unique aspect of this course is Module 12, the Diabetes Reality module, which shows a day in the life of a diabetes patient who speaks about her own experience with diabetes, providing personal insights into the impact of diabetes on daily life.
Course material is available from an Internet web site and delivered via video lecture with synchronized PowerPoint slides. Once started, the presentation may be paused or restarted. Students are able to download and print the slides from the lecture to allow for note taking or review of material at a later date.
In addition to video lecture presentations, student learning is also facilitated through active-learning exercises, and post-module self-assessment questions. Some course modules have incorporated supplemental learning activities provided through links outside the delivered lecture. An example activity is a step-by-step instructional video on the use of insulin delivery systems. At the end of each module section, a self-assessment test provides 10 multiple-choice questions that are randomly selected from a pool of at least 30 questions such that individual students receive unique examinations based on the questions selected and/or question order. Once an answer is submitted, the next screen will show the correct answer, thus giving the student immediate feedback.
Implementation. Minimal effort is required for a college or school of pharmacy to implement this Web-based course, as the content is complete and the course is administered from the web site. Each module is accessed individually by each registered student. A faculty member serving as the course instructor may choose to incorporate onsite or online discussion sessions and patient case or other assignments to supplement course material. A databank of questions is also provided for course instructors to use for written examinations.
DM Educate was designed to serve either as a comprehensive standalone elective course or as a resource to supplement existing courses. The modular design facilitates its use as a ''tool box,'' allowing individual instructors to select all or part of the material to meet their needs. Portions of this course can be used to supplement existing courses that include diabetes management and education. A particular module could be accessed and viewed in a classroom setting with instructor-led active learning or discussion at the end of the lecture. Students could be assigned to view a lecture via the web site prior to a class session, with the active learning or discussion sessions occurring afterwards in the classroom. Modules do not need to be viewed in a specific order, again allowing for flexibility in class planning. Another option is to download slides and speakers notes for use as resources for a lecture presented by onsite faculty members. Instructors who want to present the material themselves have access to the PowerPoint slides and lecture notes for each module that can be downloaded and saved to their own files, truly supporting the shareable nature of this course.
Several tools are built into DM Educate in order to aid instructors in management of the course. Students register with a password unique for their school, so each course instructor can access only his or her students' information. The course instructors have access to a student roster, which tracks the latest date and time each student logged into the site and a course grade book containing the scores of each student's self-assessment tests. Instructors also have an opportunity to network with instructors from other colleges schools of pharmacy through a dedicated listserv group.
Course
At the University of Pittsburgh School of Pharmacy, DM Educate Comprehensive Diabetes Elective (PHARM 5808) was approved by the school's curriculum committee. Participating students were in the second semester of their third-professional year and had completed the endocrinology therapeutics module (which included diabetes pharmacotherapy) during the previous semester. Student assessments were focused on diabetes knowledge, course satisfaction, and ease of use of the Webbased course.
DM Educate was utilized as a standalone course with added learning activities provided by the onsite instructors. Students were provided with a syllabus and class schedule that called for viewing an average of 3 hours of lecture per week. In addition to viewing the lecture material, students were asked to complete 2 patient case assignments, which were distributed and collected via email. Contact with the students occurred in various ways: face-to-face, e-mail, and Internet chat room. Six discussion sessions were held throughout the semester to discuss modules viewed in the previous 2 weeks as well as patient case assignments. Three discussion sessions were held onsite and 3 via Web-based chat room. Student grades were based on 2 multiple choice examinations (40%), 2 patient case assignments (25%), and participation in discussion sessions (35%).
In addition, students at the University of Pittsburgh completed a pre-course knowledge test to assess their baseline knowledge of diabetes. This test was comprised of 34 questions, 2 to 3 randomly selected from each of the 12 DM Educate modules. The same test was readministered upon course completion. This test was used for comparative purposes only, and was not incorporated into the students' course grade.
Lastly, the students at the University of Pittsburgh were asked to provide 2 types of feedback on the Webbased course content, technical aspects of the course delivery, and integration of case and discussion sessions to the course. First was an indication of student satisfaction using a 3-point Likert-type scale. Second was an open response to questions assessing the positive and negative aspects of the course, inclusive of the Web-based resources and the onsite additions to the course.
The Washington State University School of Pharmacy found the Web-based nature of DM Educate appealing as there are 2 campuses in different parts of the state. The technology allowed the instructor to bring 2 locations together for 1 elective course. The course was approved by the school's curriculum committee under PharP 499, Special Problems Class. A description of the course was sent to students in each year of the curriculum; therefore, students who participated in the class had varying levels of exposure to diabetes pharmacotherapy.
The course was designed to be self-directed: students could view the video lectures at his or her own pace throughout the semester. The instructor met with the students at random intervals to monitor their progress and had frequent e-mail contact with the students to answer questions on course material. Student's grades were provided via the DM Educate self-assessment tests at the end of each module. Students at Washington State University were required to correctly answer 75% of the questions in each module to attain a passing grade of ''satisfactory'' for the course.
ASSESSMENT
At the University of Pittsburgh, 15 students volunteered to participate in the elective course. Four of the students were permitted to register for the course ''not for credit'' due to their current credit load. Figure 1 represents the results of the precourse and postcourse knowledge tests. At baseline the average number of correct answers was 14 (range [8] [9] [10] [11] [12] [13] [14] [15] [16] [17] [18] [19] [20] . At the completion of the course, the average score was 26 (range 23-28) for the 11 ''for credit'' students, resulting in an average 36% (20%-47%) increase in correct responses. A paired t test revealed this was a significant increase from baseline (p , 0.001). The 4 students who chose to take the class ''not for credit'' showed no improvement in their diabetes knowledge, with an average score of 14 at baseline and upon course completion. These 4 students stated that they did not keep up with the material because other classes taken for credit were their priority. Final class grades for the 11 ''for credit'' students ranged from 89%-96% based on the above criteria.
Results of the survey of student satisfaction with the course utilizing the 3-point Likert-type scale are shown in Table 1 . In open responses, students repeatedly stated that the greatest benefit gained from the course was the ability to learn from an interprofessional group of faculty members who were experts in their fields of practice. Another reported benefit was inclusion of all aspects of diabetes management, not just medications. The students liked the flexibility of being able to play video lectures at their convenience and at their own pace, and to replay course material if needed. The students found the patient cases and discussion sessions to be beneficial, but stated that patient case discussions would be better suited for face-to-face class sessions and suggested reserving the Web-based chat sessions for review of the module lecture material.
Forty-seven students at Washington State University enrolled in the course and all 47 received a passing grade. Although no formal assessments of student satisfaction were conducted, general comments provided by students were positive regarding the multidisciplinary design of the course content and Web-based format of the course. Several students who participated were in their fourth-professional year advanced pharmacy practice experiences and found that because of its flexible structure, the course did not interfere with their other responsibilities. Delivery of course material via the Internet is not a novel concept. Previous studies evaluating Web-based courses have shown that students learn at a similar level compared to face-to-face learning. 14, 15 The pilot at the University of Pittsburgh revealed that the students significantly increased their level of diabetes knowledge with this course. Evaluations of student satisfaction in other Web-based courses have shown that the flexibility of being able to work at their own pace and within their own schedules was an important factor. 16, 17 Comments from students at both the University of Pittsburgh and Washington State University revealed high satisfaction with the course structure, especially the flexibility of accessing materials. This becomes a growing concern as professional students are often balancing work and family life along with their educational demands. Both the University of Pittsburgh and Washington State University have maintained student enrollment beyond the pilot course, supporting the continuation of DM Educate. Nineteen students at the University of Pittsburgh enrolled for the next offering of this course. Due to the success of the class at Washington State University, 17 students enrolled for the summer 2006, 28 students for the fall 2006 term and the elective was granted its own course name and number to replace the initial Special Problems Class designation.
DISCUSSION
DM Educate has incorporated new concepts to Webbased education. This course was designed on the principle of being a sharable course, thereby allowing instructors not only to access the course materials, but also the freedom to incorporate and deliver these materials to meet individual needs. In addition, the content development by recognized experts from multiple disciplines gives pharmacy students the ability to learn from thought leaders within diabetes who would not otherwise be available. This also includes the Living with Diabetes Module, which allows the student to experience diabetes management from the patient's perspective, thus allowing the student to experience a powerful connection to a patient, enabling patient care issues to become a reality, not simply an abstraction.
Lastly, the comprehensive nature of the course allows for incorporation of the course into other health professions, such as nursing and medicine. DM Educate truly brings diabetes experts into every classroom.
Currently, over 70 colleges and schools of pharmacy are registered to use DM Educate either as a standalone course or with components integrated into existing courses. This overwhelming participation and use of the course is evidence of faculty member willingness to utilize technology to deliver course material and the need for comprehensive diabetes educational tools. 
CONCLUSION
The DM Educate Comprehensive Diabetes Elective offers students the opportunity to learn various aspects of diabetes education and management from experts and provides individual instructors with the tools needed to deliver this material to their students. Future evaluations of course material will include an assessment of the different ways the course is utilized, onsite instructor satisfaction, and student satisfaction and knowledge. Discussions are underway to expand access to DM Educate to practicing pharmacists for continuing education credit, as well as to other health science schools and practitioners.
